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Abstract
The oil ﬁlm thickness between slider and shoe is a signiﬁcant parameter and has a strong inﬂuence on the bearings performance.
A CFD analysis has been carried out to ﬁnd the eﬀect of oil ﬁlm thickness at the entrance of the slider using ANSYS workbench.
Laminar viscous model with SIMPLE pressure-velocity coupling are used for the analysis. 2-D steady state, Navier-Stoke equations
are discretized with ﬁnite volume approximations using structured grids. First the analysis has been carried out for the maximum
load carrying capacity (i.e. m = 1.1889). For validation, CFD values are compared with the available analytical solution of
Reynolds equation. CFD results showed good concord with the analytical values with a maximum error of 1%. After validation,
the analysis has extended to four more ′m′ values such as 0.5, 1, 1.5 and 2. If bearing operate at below maximum load carrying
capacity, the result shows that low load carrying capacity and high frictional losses. But for above, frictional forces reduces and
blunt of the pressure proﬁle at peak also decreases which will inﬂuence the action of extremely high load on a very small area of
the shoe.
c© 2015 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the organizing committee of ICCHMT – 2015.
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1. Introduction
A simple case of inclined slider bearing is shown in Fig.1. It is made up of two nonparallel plane surfaces separated
by lubricants. The slider moves with a certain velocity and shoe is stationary. During slider motion, convergent ﬂuid
ﬁlm is formed between the surfaces to produce hydrodynamic pressure. All theoretical methods for predicting the
performance merely gives a value. Though experimental method is the ultimate scheme, it has its own disadvantages.
Nowadays, much progress has been made in the ﬁeld of CFD and is therefore being increasingly used in industry to
optimize bearing designs, for predicting performance at various operating conditions and consecutively to experimen-
tal testing.
Several investigations on numerical analysis have been completed in the history. Tower, explains the existence of a
pressurised lubricant ﬁlm [3]. Reynolds O, simpliﬁed the complex Navier Stokes equation, to solve thin ﬁlms in the
ﬁeld of ﬂuid ﬁlm lubrication [11]. Cameron, solved the numerical solutions in hydrodynamic lubrication by consid-
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ering isoviscous and isothermal [6]. Hiromu Hashimoto and Sanae Wada, were derived the analytical solutions for
three diﬀerent pressure boundary conditions at inlet edge of turbulent thrust bearings [8]. A.A. Lubrecht et. al., were
carried out numerical analysis on EHL line contacts by using multigrid method. They found that computational time
required for multigrid analysis is less compared to Newton-Raphson method [2]. A detailed overview on the numeri-
cal analysis of hydrodynamic lubrication can be found in the Multilevel Methods in Lubrication by C.H. Venner and
A.A. Lubrecht [7]. Van Odyck D.E.A, was solved EHL problems numerically by using Stokes equation [12]. Petra
Brajdic-Mitidieri, did the work on pocketed pad bearings using CFD. The results show that pockets can result in a
major reduction in bearing friction coeﬃcient [5]. K. M. Panday et. al., were conducted 3D unsteady numerical anal-
ysis on journal bearing to ﬁnd the performances [9]. Amit Chauhan et. al., were carried out 3D thermo-hydrodynamic
numerical analysis of journal bearing [1].
This paper describes the application of ANSYS workbench to investigate the eﬀect of oil ﬁlm thickness at entrance
of the slider. The ﬁrst objective was to forecast the overall performance for the baseline conﬁguration and compared
with the analytical values for validation. The second objective was to analyse the slider bearing at diﬀerent inlet oil
ﬁlm thickness. The concept of this paper and results can be used as platform for intend to do work on micro pocket
bearings.
Nomenclature
B Width of slider bearing in the direction of motion, m
U Maximum velocity, m/s
W Load carrying capacity per unit length, N/m
U The velocity vector
X The position vector
m (h1 − h2)/h2
u,v,w Cartesian components of the velocity vector V
x,y,z Cartesian components of the position vector X
Fm,s Frictional force on the slider and shoe respectively, N/m
Nx,y Grid points in the x- and y- direction respectively
Pmax Maximum Pressure, Pa
Perr.max Error in maximum pressure
h1,2 Thickness of oil ﬁlm at entrance and exit of the slider respectively, m
S Mi The source term which includes contributions due to body forces, acting in the i-direction
μ Micro, E+06
ρ Density, kg/m3
m˙ Rate of mass ﬂow at the exit of the slider, kg/s
CFD Computational Fluid Dynamics
EHL Elasto-hydrodynamic Lubrication
RE Reynold’s Equation
2. Mathematical Background for Long Slider Bearing
The governing equations of ﬂuid ﬂow represent mathematical statements of the conservation laws of physics [13].
(a) The mass of ﬂuid is conserved:
∂ρ
∂t
=
∂(ρu)
∂x
+
∂(ρv)
∂y
+
∂(ρw)
∂z
(1)
(b) The momentum is conserved:
ρ
Du
Dt
= −∂p
∂x
+ div(η grad u) + S Mx (2)
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ρ
Dv
Dt
= −∂p
∂y
+ div(η grad v) + S My (3)
ρ
Dw
Dt
= −∂p
∂z
+ div(η grad w) + S Mz (4)
The Reynolds equation for long slider bearing is derived from the continuity and Navier-Stokes equations (i.e. Eqs.
(1) to (4)) under certain assumptions [4], which are: (a) The problem is steady state, (b) The ﬂuid is Newtonian and
ﬂow is laminar, (c) No-slip boundary conditions are followed at the walls, (d) The viscosity of the lubricant is constant
throughout the oil ﬁlm, (e) Inertia and body force terms are negligible as compared to viscous and pressure forces, (f)
At any location, the pressure, density and viscosity are constant across the ﬂuid ﬁlm, (g) The pressure does not vary
across the ﬁlm and (h) No ﬂow in z direction.
The governing equations for any ﬂuid ﬂow, Eqs. (1) to (4) reduce to:
∂2u
∂y2
=
1
η
∂p
∂x
(5)
Integrate the Eqn. (5) and apply the following boundary conditions: y = 0, u = U and y = h, u = 0 as shown in
Fig.1. The x-component of the velocity proﬁle across the ﬁlm is obtained as:
u =
(
y2 − hy
2η
)
+ U
(
h − y
y
)
(6)
By applying law of continuity to the Eqn. (6), the Reynolds equation for inﬁnite long bearing found as:
∂
∂x
(
h3
∂p
∂x
)
= 6ηU
∂h
∂x
(7)
The pressure distribution is obtained by the integration over x. load per unit length and total friction can be
calculated further by integration of pressure equation.
W
L
=
∫ b
0
pdx (8)
F =
∫ l
0
∫ b
0
τdydx (9)
3. Numerical Analysis of the Flow Domain
An inﬁnite long slider bearing is shown in Fig. 1. The geometrical speciﬁcations and properties of oil used for
the analysis are given in Table 1 [10]. The value of ′h′1 is considered on the basis of minimum oil ﬁlm thickness
in hydrodynamic lubrication (> 0.5μm) and the value of ′h′2 is calculated based on the condition of maximum load
carrying capacity i.e. at m = 1.1889 [4].
3.1. Modelling and Meshing
The ﬂow domain of the long slider bearing is modelled according to the geometrical speciﬁcation (Table 1) by
bottom up approach and then it is imported for meshing. The structured grid was generated to do numerical analysis.
3.2. Boundary Conditions, Flow Analysis and Convergence Test
Wall with No-Slip boundary conditions are speciﬁed for both shoe and slider. Pressure inlet and pressure outlet
boundary conditions are speciﬁed at entrance and exit of the bearing respectively. 2-D steady state, Navier-Stoke
equations were solved using segregated pressure based solver by ANSYS workbench. Laminar viscous model with
SIMPLE pressure-velocity coupling and second order upwind discretization scheme was used for the analysis. Scaled
residuals are considered as shown in Fig. 2 to ensure numerical scheme converges towards the real solution. In this
analysis momentum residual criterion is maintained up to 1x10−6 to reduce the errors.
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Fig. 1. Inclined slider bearing
Fig. 2. Scaled residuals of a typical convergence
Table 1. Speciﬁcation of the ﬂow domain and properties of the oil
Symbols Values Oil SAE20
B 0.015 m Temperature (0C) 20
h1 2.1889 μm Density (kg/m3) 922.5
h2 1 μm Viscosity (Pas) 0.16
U 1 m/s
3.3. Grid Independence Test and Validation of Numerical Results
To ﬁnd the eﬀect of number of grids on the numerical solution, grid independence test was carried out. The study
of grid reﬁnement was done on both x - and y - directions. Table 2 consists of maximum pressure, load carrying
capacity and frictional forces for both analytical and numerical results of all the mesh cases.
• Case – A, converges the solution very quickly but error found in maximum pressure as 10.92% and pressure
proﬁle is not continuous. It shows reﬁnement of grid should be required in both directions.
• Case – B, the maximum peak pressure reached to 5.98E+08Pa and error is reduced to 2.44%. In this case
pressure proﬁle is continuous.
• Case – C, the grid points increased only in x - direction of the case – B, the results obtained for both case – B
and C are almost same.
• Case – D, the grid points increased in the y - direction of the case – C, there is an increase in peak pressure and
error comes to 0.97%.
• Case – E and F, does not show any appreciable results in maximum pressure by increasing the grid points in the
x - direction. More computation time was observed in case – F.
From the above study, reﬁnement of grid in y - direction reduces the maximum pressure errors and in x - direction
gives the smooth pressure proﬁle. From this grid independence test case – E is selected for further analysis and
considered as baseline model.
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Table 2. Bearing performance parameters for analytical and numerical cases
Case Ny x Nx Pmax (E + 08Pa) Perr.max W (E + 06N/m) Fm (E + 06N/m) Fs (E + 06N/m)
Analytical RE 6.13 − − − 5.76 1810 1352.67
A 05 x 200 5.46 10.92 5.12 1784.46 1378.37
B 10 x 400 5.98 2.44 5.62 1804.48 1358.36
C 10 x 600 5.98 2.44 5.62 1804.52 1358.32
D 15 x 600 6.07 0.97 5.71 1807.72 1355.12
E 15 x 1000 6.07 0.97 5.71 1807.73 1355.12
F 15 x 1500 6.07 0.97 5.71 1807.73 1355.11
Fig. 3. Pressure distributions along the slider
Table 3. Properties of the SAE 20 oil
Temperature (0C) Density (kg/m3) Viscosity (Pas)
30 909.7 0.042
40 916.1 0.086
Fig. 3 shows the pressure distribution along the slider for both analytical and numerical results of all mesh cases.
Pressure proﬁles of case – D, E and F are traced over the analytical proﬁle from leading to trailing edge of the slider
and error for maximum pressure found was 0.97%. The numerical results also compared with the analytical values
of load carrying capacity and frictional forces (< 1% error), are shown in Table 2. These validate good agreement
between analytical and numerical results.
4. Results and Discussion
4.1. Eﬀect of viscosity on the bearing performance
After validation of the ﬂow domain, numerical analysis was continued to ﬁnd the eﬀect of viscosity on the bearing
performance. Viscosity of ﬂuids varies as a function of temperature, as the temperature increases viscosity of the oil
decreases. In this section analysis is conducted at 30 0C and 40 0C of SAE 20 oil and compared with the baseline
model. The properties of the SAE 20 oil at 30 0C and 40 0C are given in Table 3 [10].
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Fig. 4. Pressure distributions along the slider at diﬀerent oil temperature
Table 4. Bearing performance parameters at diﬀerent oil temperature
Temperature (0C) Pmax (E + 08Pa) W (E + 06N/m) Fm (E + 06N/m) Fs (E + 06N/m) m˙ (kg/s)
At 20 6.07 5.71 1807.73 1355.12 0.0006352
At 30 3.26 3.06 971.65 728.37 0.0006288
At 40 1.59 1.49 474.53 355.71 0.0006244
Table 5. Speciﬁcation of the ﬂow domain for diﬀerent h1
Symbols h1 (μm) h2 (μm) B (m) U (m/s)
Cases I II III IV
Values 1.5 2 2.5 3 1 0.015 1
From Table 4, maximum pressure is depend on viscosity of the oil, as the viscosity of the oil decreases the maxi-
mum pressure and load carrying capacity are also decreases abruptly. Friction between oil and slider/shoe reduces as
the viscosity of oil reduces. It can be noticed that mass ﬂow rate of oil at exit of the slider decrease due to expansion
of the oil. Fig. 4 shows the numerical results of pressure distribution on slider at 20 0C, 30 0C and 40 0C of SAE 20
oil.
4.2. Eﬀect of oil ﬁlm thickness at entrance of the slider
The numerical analysis were carried to ﬁnd the eﬀect of oil ﬁlm thickness at the entrance of slider. Four diﬀerent oil
ﬁlm thicknesses at the entrance of slider were modelled using the speciﬁcation shown in Table 5. Same methodologies
were used for meshing, applying boundary conditions and analysis as mentioned in section 3.1 and 3.2. All the above
models are compared with the baseline model for the properties of SAE 20 oil at 200C and tabulated in Table 6.
In case I, maximum pressure and load carrying capacity is low. Friction between oil and slider/shoe are high,
due to movement of oil in very narrow region and also causes the reduction of mass ﬂow rate at exit of the slider.
In case II, maximum pressure and load carrying capacity is increased suddenly and frictional forces reduces to 10%
when compared to case I. In case III, the maximum pressure developed is more than the baseline model but load
carrying capacity is less, due to less area covered by the pressure proﬁle and it is shown in Fig. 5. In case IV, pressure
developed and load carrying capacities are reduced as compared to baseline model and the peak point of the pressure
proﬁle shifted towards the exit of the slider. It is also observed that blunt shape of the pressure proﬁle at peak reduces
and it will inﬂuence the action of extremely high load on a very small area of the shoe. Fig. 6 and 7 describes that by
increasing the oil ﬁlm thickness at the entrance of the slider, the lubricant at the leading edge of the shoe tends to ﬂow
in reverse direction. This is due to adverse pressure gradient in the direction of slider motion. This reverse ﬂow of
lubrication mainly depends on inclined angle made between the slider and shoe, velocity of the slider and properties
of the lubricant.
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Fig. 5. Pressure distributions along the slider at diﬀerent oil ﬁlm thickness (h1)
Fig. 6. The x - component velocity at entrance of slider for diﬀerent oil ﬁlm thickness (h1)
Fig. 7. Velocity vectors at entrance of slider for diﬀerent oil ﬁlm thickness (h1)
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Table 6. Bearing performance parameters at diﬀerent oil ﬁlm thickness h1
Cases m h1 (μm) Pmax (E + 08Pa) W (E + 06N/m) Fm (E + 06N/m) Fs (E + 06N/m) m˙ (kg/s)
I 0.5 1.5 4.75 4.67 2024.13 1868.33 5.53
II 1 2 5.84 5.66 1852.28 1474.81 6.15
Baseline 1.1889 2.1889 6.07 5.71 1807.73 1355.12 6.35
III 1.5 2.5 6.11 5.62 1747.10 1185.02 6.58
IV 2 3 5.94 5.27 1669.74 966.92 6.91
5. Conclusion
A steady state CFD analysis has been carried out to ﬁnd the eﬀect of viscosity and oil ﬁlm thickness at the entrance
of slider bearing using commercial code ANSYS. The results of the investigation are:
• Pressure distribution over the slider and load carrying capacity increases up to some extent later decreases.
• The blunt shape of the pressure proﬁle goes on decreases and it will cause more load on less area of the shoe.
• Peak point of the pressure proﬁle shifted towards the exit of the slider.
• The lubricant at the leading edge of the shoe tends to ﬂow in reverse direction as the ′m′ value crosses 1.
• Viscosity plays a very vital role in load carrying capacity. As the viscosity drops, the load carrying capacity
also decreases.
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